Objective: Performance measures provide important information, but the meaning of change in these measures is not well known. The purpose of this research is to 1) examine the effect of treatment assignment on the relationship between self-report and performance; 2) to estimate the magnitude of meaningful change in 400meter walk time (400MWT), 4-meter gait speed (4MGS), and Short Physical Performance Battery (SPPB) and 3) to evaluate the effect of direction of change on estimates of magnitude. Design: This is a secondary analysis of data from the LIFE-P study, a single blinded randomized clinical trial. Using change over one year, we applied distribution-based and anchor-based methods for self-reported mobility to estimate minimally important and substantial change in 400MWT, 4MGS and SPPB. Setting: Four university-based clinical research sites. Participants: Sedentary adults aged 70-89 whose SPPB scores were less than 10 and who were able to complete a 400MW at baseline (n=424). Interventions: A structured exercise program versus health education. Measurements: 400MWT, 4MGS, SPPB. Results: Relationships between self-report and performance measures were consistent between treatment arms. Minimally significant change estimates were 400MWT: 20-30 seconds, 4MGS: 0.03-0.05m/s and SPPB: 0.3 -0.8 points. Substantial changes were 400MWT: 50-60 seconds, 4MGS: 0.08m/s, SPPB: 0.4 -1.5 points. Magnitudes of change for improvement and decline were not significantly different. Conclusions: The magnitude of clinically important change in physical performance measures is reasonably consistent using several analytic techniques and appears to be achievable in clinical trials of exercise. Due to limited power, the effect of direction of change on estimates of magnitude remains uncertain.
Introduction
Given the power of physical performance measures to reflect concurrent and future health, functioning and health care utilization among older adults, such measures are increasingly incorporated into many types of studies of aging (1-4). As novel interventions are developed to improve health in aging, physical performance measures have the potential to serve as primary indicators of benefit in future clinical trials. However, to be accepted as outcome measures, the clinical meaning of change in these measures must be understood. Previous reports have begun to estimate the magnitude of meaningful change in order to understand the meaning of change over time in performance measures (5).
However, important gaps in knowledge about meaningful change in performance remain. First, many interventions that are important for the health of older adults, such as exercise, are not amenable to participant blinding (6-9), so that knowledge of treatment assignment might influence the relationship between self-reported measures of change and physical performance estimates of change. Second, prior estimates have been based on either observational studies or small clinical trials, and no estimate has been provided for meaningful change in the 400meter walk. Data from larger clinical trials are needed to provide robust and more precise estimates. Third, the direction of change might influence the magnitude of what is meaningful. For example, an important improvement might be larger or smaller than an important decline. While standard distribution-based methods assume symmetry of response, anchor-based methods of estimating meaningful change can be used to compare magnitudes in each direction (10, 11) .
Due to its size, use of performance measures and wide range of change effects, the Lifestyle Interventions and Independence for Elders Pilot Study (LIFE-P) provides a unique opportunity to address these important gaps in knowledge and help prepare for future clinical trials that use performance measures as endpoints. The purpose of this analysis is to 1) examine the consistency of relationships between self-reported and performance measures between intervention groups, 2) estimate the magnitude of meaningful change in 400-meter walk time, gait speed, and Short Physical Performance Battery (SPPB), and 3) evaluate the effect of direction of change on estimates of magnitude.
MEANINGFULNESS IN PERFORMANCE MEASURES
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Methods
Data Source
We used data from the Lifestyle Interventions and Independence for Elders Pilot (LIFE-P) study. LIFE-P was a multi-center, single-blind, randomized trial of a physical activity intervention versus health education in 424 sedentary older adults aged 70 to 89 years. Participants were required to demonstrate increased risk of future mobility disability by having a Short Physical Performance Battery (SPPB) score of 9 or less (12), but also to retain adequate mobility at baseline as demonstrated by capacity to complete a 400-meter walk in 15 minutes or less (13). The study design, protocol, inclusion and exclusion criteria, the contents of physical activity and health education interventions, and baseline characteristics of the subjects were described in detail elsewhere (14-16). This study was reviewed and approved by Institutional Review Board at University of Florida.
Performance Measures
Performance measures assessed include 400-meter walk time (2, 17), 4-meter walk speed (13, 18), and Short Physical Performance Battery (SPPB) (12, 13). Four-hundred-meter usual pace walk time and 4 meter gait speed were calculated in 'seconds' and 'meters per second', respectively. Four meter gait speed was measured from a standing start. The SPPB score consists of three domains: standing balance, walking speed, and repeated chair rises and yields an integer score ranging from 0-12, with each domain contributing 0-4 points.
Higher scores indicate higher levels of functioning (12). For these analyses, baseline to 12-month change was calculated.
Anchors, Self-Reported Mobility
For this study, we selected self-reported indicators of mobility as anchors, because they represent the participant's perspective of a construct closely related to lower extremity performance measures, one of the essential criteria for a valid anchor for estimating meaningful change (10). Self-reported mobility status was assessed with the following three separate questions from Disability Questionnaire; "Because of your health, how much difficulty do you have walking a quarter of a mile, which is about 3 or 4 blocks?", "Because of your health, how much difficulty do you have walking several blocks?", and "Because of your health, how much difficulty do you have climbing one flight of stairs?" Participants responded using a five level Likert scale: 'No difficulty', 'a little difficulty', 'some difficulty', 'a lot of difficulty', and 'unable to do the activity'. Participants who answered 'did not do for other reasons', and 'don't know/refused', were not included in the analyses. We operationally defined 5 levels of change over time in self-reported mobility: a) no change; b) small decline (a decrease of one point), c) substantial decline (decrease of 2 or more points); d) small improvement (an increase of one point); and e) substantial improvement (increase of 2 or more points). Participants whose baseline and 12-month responses were both at the ceiling (no difficulty) or floor (unable to do the activity) were removed from the analyses because it would not be possible to detect change beyond the ceiling or floor.
Meaningful Change Analysis
We used both distribution-based and anchor-based methods to obtain estimates of meaningful change in each of the three physical performance measures.
Distribution-Based Methods
We used the effect size method and standard error of measurement (SEM). The effect size is defined as ␦ = ( 12-month baseline )/ baseline , where is the mean and is the standard deviation of each performance measure. An effect size of 0.2 is considered small, or the minimal value for meaningful change and 0.5 is considered moderate, or substantially meaningful (19, 20) . By inverting this formula, mean differences over time corresponding to small and moderate effect sizes were obtained as 0.2× baseline and 0.5× baseline . SEM was computed as Ί1-␥, where ␥ is the test-retest reliability of the performance measure (21). SEM only yields a single estimate which can be considered a reflection of meaningful change. Test-retest reliability estimates were obtained from the literature for 4m gait speed (0.94) and SPPB (0.9) (22, 23), and from personal communication (Dr. Pahor and Dr. Cesari) for the 400m walk time in seconds (0.904). Since distribution-based methods assume symmetry, they were used to estimate magnitudes of meaningful change without respect to direction of change.
Anchor-Based Method
Consistency of relationships between self-report and performance measures
Because lack of blinding might differentially affect the relationship between change in self-reported and performance measures between the two intervention groups, we first assessed whether estimates of meaningful change using anchor based methods differed by treatment arm. We fitted a two-way analysis of variance model with each performance measure change as the response variable, and treatment group, selfreported anchor change and their interaction as factors of interest. Evidence that the performance measure-anchor association varied between the two treatment groups was based on assessment of the statistical significance of the interaction term.
Calculation of meaningful change
We estimated the mean performance change for each of the three performance measures for each of the 5 levels of selfreported anchor change. We then calculated the difference between the magnitudes of performance change for those selfreporting "no change" to each of the other four anchor change groups. These differences yield estimates of the anchor-based magnitude of substantial decline, minimally meaningful decline, minimally meaningful improvement and substantial
